Abstract: There are the various types of heat exchangers. The selection of the heat exchanger right type is the first basic assumption for its optimal operation. The heat exchanger calculation itself is another prerequisite for its optimal operation. This article deals with the variables which are usually used to describe the stationary operation of any recuperative heat exchanger with two incoming and two outgoing streams. The knowledge of these variables, including the facts resulting from them, is necessary not only from the point of view of the calculation but also from the point of view of the evaluation of the experimental data of any heat exchanger. The variables values needed for the calculation of heat exchangers, so-called key variables, must always fall within the values range determined on the basis of generally valid knowledge about heat exchangers. The article also deals with the determination of the limit values defining the values range of these key variables.
Introduction
The heat exchangers are an indispensable part not only of many industrial plants but they are also part of the various devices 1, 2, 3, 4, 5. The heat exchangers calculation can be done in different ways. Several computational methods have developed over time. The methods which work with the dimensionless quantities have found the greatest justification. Method LMTD 6, Method -NTU 7, Method -NTU 8 belong among the most important. These methods define some variables, for example: F ,  and min NTU , which knowledge is very important for solving any heat exchanger. These variables have been introduced due to the fact that some types of heat exchangers cannot be even at present described by any exact relationships. The variables F ,  and min NTU , so-called key variables, are determined on the basis of experimental measurements. The equations that define these variables can be written in the form 2, 9, 10:
min min
In the equation (3), the index min represents one of two streams, so-called weak stream, which 
The stationary operation of a heat exchanger is typically described by the functions:
These functions are general and result from the above. The various dependencies, analytical or graphical, describing the heat exchanger behavior are compiled just on the basis of the equation (6). Some of these dependencies, which knowledge is significant for calculation any heat exchanger, are listed in literature 10, 11, 12. In literature 9, 10, variables corresponding to the weaker stream are also indicated by the lower index 1 instead of the index min (i.e. 
The value of the variable 1 min P P  , but also 
  R R
). In the next text, the variables pertaining to the weaker stream will be denoted by the lower index 1.
It should be mentioned that each heat exchanger is characterised by different construction (different flow arrangement). Therefore, the different values of the variables (for example:
T ) can generally be obtained if the calculations of the heat exchangers with the different flow arrangements are made for the same input parameters. It can be stated on the basis of the just mentioned that a functional dependency (for example in the form:
) is to be determined separately for each heat exchanger. The heat exchanger exact calculation cannot be made if the functional dependency (6) is not known. In some cases, such dependencies may be narrow-profile goods, or these are not at all available in the case of a preliminary calculation of the new heat exchanger type. In such cases, it is necessary to build on the current knowledge about the heat exchangers. The purpose of this article is also to show how one of the key variables (i.e. , 2018 SjF STU Bratislava 251 be determined so that an adequate calculation of the heat exchanger can be made in certain cases.
Universal equations used to describe the recuperative heat exchangers
There is an exact analytical dependency, valid for any recuperative heat exchanger, which connects all key variables used in the description of these equipment's. The shape of this general dependency is the following 9:
The disadvantage of this dependency from the point of view of the heat exchanger calculation is that it contains two unknown key variables. It means that the equation (8) allows to carry out only the verification of the calculated values.
The equation (8) 
resulting from the equation (8). The following equation may be also written:
This equation, which is a combination of equations (8) and (9), is also general and is valid for any heat exchanger. The equation (10) 
R
. If the relevant data put into the equation (8) 
P
. It means that the parameters belonging to this heat exchanger do not comply with the general equation (i.e. with the equation (8)). The heat  exchanger is either over-dimensioned or under-dimensioned. If the data put into equations (9) and (10) 
, where:
in which the variable The uncertainty of the equation (11) against the verified experimentally data 1 P is not more than 2 % if some recommendations for working with this equation are respected 11, 13. In connection with this equation it is mentioned that the mean value of the overall heat transfer coefficient ( k ) can be determined with an accuracy better than ± 15.0 % only in rare cases. For this reason the equation (11) 
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Facts resulting from the universal equations used to describe the heat exchangers Fig. 8 The dependence of F on 1 R for the heat exchanger with the countercurrent index 0.8 (
the curves parameter is 1 P . Fig. 9 The dependence of F on 1 R for the heat exchanger with the countercurrent index 0.0 (
the curves parameter is 1 P . It is clear from the previous figures that the heat exchanger construction influences the value of the key variables. If the values of the key variables are determined for the specified input parameters (i.e. 1 P and 1 R ), these will differ for each type of the heat exchanger. Tab. 1 confirms just mentioned.
Tab. 1
The variables values F , θ and 1 NTU for the different heat exchangers types, when:
The key variables
The heat exchanger with the countercurrent index 
Definition of the limit values of the key variables and the heat exchanger efficiency
The previous part of the paper documents that the variables values 
The equations (12) and (13) approximate to 1, the heat exchanger construction (the stream arrangement of heat exchange fluids) does not play a significant role in terms of the heat transfer. It then means that the heat exchanger calculation can be done by the heat transfer rate equation valid for the pure countercurrent heat exchanger. This fact illustrates well figure 12, which shows the same dependence as figure 4. Figure 12 shows the dependencies for the heat exchangers with , lie between these two curves and also start from one point. This situation is well illustrated in figure 13 . These figures document another known fact. For the same input parameters, the highest heat exchanger efficiency ( ) and the lowest in the pure cocurrent heat exchanger (
The cases when 0 . 1  F for any heat exchanger can be identified by figure 12. The points that overlap each other represent these cases. The knowledge of this may sometimes be advantageously used if some freedom exists in the heat exchanger calculation. Under the freedom is thought that one of the values (for example temperature, heat capacity) can be Volume 68, No. 3, (2018) 2018 SjF STU Bratislava 257 chosen so that F equals 1 in the calculation. Subsequently, the calculation of the heat exchanger will happen easy.
For example, if 0 1  R (alternatively approaching to zero) in the calculation, for the various types of the heat exchangers F is always equal to 1 for any values of 1 P ( figure 12 ). In the sense just mentioned, the following equation can be written: 
This equation ). In this special case, 1  F in the equation (14), which confirms also the equations (12) 
R
are put into equations (9) and (12) is not obtained from the equation (10)) and the heat exchanger is not designed in accordance with generally applicable principles (because the value 535 . 0 1  P is not obtained from the equation (8)).
If the heat exchanger is over-dimensioned, one of the streams can be cooled to a lower temperature than required and the second stream is heated to a higher temperature than required. In the case of the under-dimensioned heat exchanger, it is on the contrary. None of the streams can reach the desired outlet temperature if the heat exchanger is underdimensioned. It is necessary to realise that the variables 1 P and 2 P , in the sense of equations (4) and (5), are bound by the relation:
The interconnection of these variables is reflected in the values of the outlet streams temperatures as it follows from the equation (4). According to this equation, it can be written:
The 
P
) for any heat exchanger. In other words, each exchanger can be operated in order to achieve a value .
Otherwise, if the certain value 1 P is not to be exceeded at designing a heat exchanger with
, the same procedure can be used. In this case, the output temperatures cannot also be exactly determined, because the function (6) is unknown. Again, the temperatures ranges in which the output temperatures will move can be defined.
Tab. 
Conclusion
The article summarises the basic variables and the functional dependences used in the description of the heat exchangers. The dependence   1 1 1 , NTU f R P  can be considered as the most practical. This dependence allows to carry out not only design but also control calculation of a heat exchanger very easily. The article also points to the importance of the variable F which is used for the assessment of the suitability of the heat exchanger. For this reason, the graphical dependencies should always allow to deduct both variables, i.e. However, it should be kept in mind that such a procedure may lead to over-dimensioning or under-dimensioning of the heat exchanger.
The knowledge of the key variables values is a necessary basis for performing an adequate thermal calculation of any heat exchanger resulting in the knowledge the size of the heat transfer area. It should be noted that the calculation of any equipment is complete only when a hydraulic and also economical calculation of given equipment is made. Only then it can be stated which value of the heat transfer area size is the most advantageous.
